The ductile to brittle deformation and the associated hydrothermal mineralogical record in Holes 920B and 920D peridotites are complex. Remnants of a high-temperature phase (brown hornblende, talc) are preserved in the seΦentinized harzburgites. Primary chromites in the harzburgite are altered to ferritchromite. Magnetite, which originated from olivine breakdown during seΦβntinization, (1) recrystallizes, mimicking mesh and ribbon textures, and (2) reorganizes in veins and trails. Primary sulfide minerals rarely survive the extensive seΦentinization, and are affected by significant mobilization.
PETROGRAPHIC FEATURES
Petrographic features and intersection criteria allow us to discriminate three main events in Holes 920B and 920D harzburgites: (1) hydrous alteration preceding serpentinization, (2) the main serpentinization, and (3) late processes that overprint the serpentinite texture. A polyphase set of composite macroscopic veins is developed through the peridotite and is less developed in gabbro and diabase intervals. Pyroxenitic and gabbroic veins of magmatic origin are discordant with the high-temperature plastic fabric, and predate the development of serpentine-bearing veins (Shipboard Scientific Party, 1995, fig. 22 ).
Vein systems are the most characteristic features associated with fluid introduction during serpentinization, and control metamorphic recrystallization during uplift. Different sets of hydrothermal veins, ascribed to the main serpentinization and to late processes overprinting the serpentinite texture, were distinguished in chronological order on the basis of visual core descriptions (Shipboard Scientific Party, 1995):
1. Serpentine + magnetite veins. An early net of fine serpentine veins (0.03-0.05 mm wide) postdates the intrusion of igneous veins. The serpentine veining is associated with the pervasive background alteration of olivine and orthopyroxene. 2. Serpentine + amphibole ± chlorite ± talc. This set of veins is poorly developed, and consists of dark-green to black veins, 2-3 mm wide. An alteration halo of chlorite ± serpentine ± amphibole is commonly present along the vein-host rock boundary. 3. Serpentine + magnetite. These veins (up to 1 mm wide) occur as a widespread anastomosing network of white serpentine and black magnetite around orthopyroxene porphyroclasts. 4. Serpentine ± carbonate ± pyrite ± clay minerals. Wide ing chrysotile and aragonite and are coated by sulfides and minor phyllosilicates. 5. Carbonate minerals ± sulfides ± smectite. This set is represented by a thin (up to 1 mm wide) network with a random orientation that has sometimes reactivated earlier vein arrays. The serpentinization of harzburgite is widespread and, in part, obscures earlier alteration phases (Shipboard Scientific Party, 1995) .
In the present study, minerals were identified and phase relationships determined by optical examination of 36 polished thin sections in transmitted and reflected light. Quantitative electron microprobe analyses of mineral phases were determined using a scanning electron microscope (SEM-EDS) equipped with an X-ray dispersive analyzer (EDAX PV 9100) microprobe, installed at the Dipartimento di Scienze della Terra, Universita di Genova. Operating conditions were 15-kV accelerating voltage and 2.20-nA beam current. Natural standards were used.
The cation sum of Ca amphiboles was normalized to 13 -(Ca + Na + K), as suggested by Laird and Albee (1981) ; Fe 3+ = 46 -total cation charge, and Fe 2+ = Fe tot -Fe 3+ ; A1 VI = 8 -Si, and A1 IV = Al tot -A1 VI . The nomenclature of Leake (1978) was adopted. H 2 O was allocated on the basis of stoichiometric OH". Plagioclase analyses were recalculated to total cations = 5, on the basis of 8 oxygens. Garnets were recalculated to total cations = 8, on the basis of 12 oxygens; end members were recast according to Rickwood (1968) . Chromites were recast on the basis of 4 oxygens. Ilvaite was recast to 6 cations and 8.5 oxygens.
Silicates
Little textural evidence of recrystallization triggered by seawaterderived fluids survived the extensive serpentinization; relicts are represented by calcic amphiboles, mostly brown hornblende (Table 1) , developed on pyroxenes rimming or sealing microfractures, more rarely rimming spinels or filling veinlets. Brown hornblendes are tschermakites, with TiO 2 up to 3.95 wt% (Fig. 1) . In most cases, brown hornblende shows polyphasic rims of green hornblende (tschermakitic hornblende, Mg-hornblende) and rarer actinolite (Fig. 1) .
The serpentine developed as mesh or, rarely, in ribbon textures; chlorite developed on Plagioclase (in gabbroic veins) and spinels (in seΦentinized harzburgite). Notes: Values are in weight percent. Cations were calculated on the basis of 23 oxygens and 13 cations + K + Na + Ca.
Oxides
In addition to serpentine, opaque phases are the most abundant neoblastic minerals resulting from olivine alteration. Magnetite is a widespread alteration phase, and it develops as (1) trails of irregularly shaped grains in the mesh textures, (2) disseminated grains, or (3) aggregates of grains parallel to ribbon textures.
Magnetite contains sulfide microinclusions and intergrowths in recrystallized aggregates. The most abundant sulfide is pyrite, but lesser pyrrhotite and chalcopyrite can also be present. In samples affected by more pervasive recrystallization, magnetite coexisting with serpentine and chlorite develops in large subhedral or atoll grains (about 100 µm in size).
Coarser grained magnetite (about 100 µm) originates from the alteration of the chromian spinel. The alteration of chromite (Table 2) in harzburgite and gabbroic veins and its progressive replacement from grain margins to interiors by ferritchromite and/or magnetite are illustrated in Figure 2 , and are reflected in mineral chemistry. Compositions of primary and secondary spinels are reported in Figure 3 .
In Sample 153-920D-18R-3, 50-54 cm, a pyroxenite vein, vermicular textures of ilmenite, magnetite, and orthopyroxene (Fig. 4) developed during high-temperature subsolidus recrystallization, as indicated by phase stability and by textural relationships between lower-temperature assemblages.
Sulfides
In later vein sets, the sulfide grain size increases; inclusions or intergrowths of pyrite, chalcopyrite, and pyrrhotite within magnetite become common. Sulfides are also relatively common phases in serpentinized harzburgites. Primary sulfides are represented by subhedral grains of pentlandite (Sample 153-920D-4R-1, 60-65 cm) and minor chalcopyrite and pyrrhotite. Pentlandite is largely altered to violarite, and sometimes shows flame exsolutions of mackinawite. In magmatic pyroxenite and gabbroic veins, pentlandite associated with pyrrhotite and chalcopyrite occurs with ilmenite as an interstitial phase. In some cases, the iron-bearing mineral present in the meshtextured serpentinite is pyrite and/or bravoite, rarely with chalcopyrite in very fine-grained cloudy disseminations. The sulfide micrograins are commonly rimmed by magnetite. Vein-filling sulfides are mainly pyrrhotite, pyrite, chalcopyrite, and trace sphalerite, sometimes associated with phyllosilicate or saponite-type minerals. Sulfides in veins occur as large (up to 1 mm), generally monophase aggregates, or as euhedral singular grains. Pyrrhotite is commonly intergrown with a phyllosilicate mineral (e.g., Sample 153-920-8R-1, 6-11 cm) and invades the host serpentinite (Fig. 5) . Relationships with serpentine textures show that pyrrhotite development occurs after serpentinization. Pyrrhotite also occurs as large tabular grains intergrown with chlorite lamellae, sometimes including chalcopyrite or sphalerite. Pyrrhotite is partially replaced by pyrite in small veins. The sulfide developed during the main serpentinization event is pyrite, whereas chalcopyrite is prevalent in late veins that cut the mesh textures.
Secondary Silicates in Veins
During serpentinization, resulting either from the presence of Carich primary phases (in magmatic veins, see Plagioclase composition in Fig. 1 ) and/or from fluid-related recrystallization, secondary Ca silicates develop in fractures and veins. These assemblages are characterized by Ca pyroxene (diopside to salite), actinolite, with talc and chlorite (Samples 153-920D-8R-1, 6-11 cm; 6R-2, 27-30 cm; 21R-3, 36-42 cm; 20R-2,64-67 cm). More rarely, vesuvianite, calcic garnet (andradite or grossular, Sample 153-920D-22R-7, 121-124 cm; Fig. 1; Table 3 ), and Ca carbonate are present. Epidote occurrence is restricted to late Cataclastic zones across gabbroic veins. The occurrence of ilvaite (Table 4) in the core from Hole 920D is noteworthy. It is present in magmatic (clinopyroxene + orthopyroxene + plagioclase) pyroxenite veins (1 cm thick), and also in metamorphic veins with calcic phases. The stable association is ilvaite + chlorite + fibrous salitic pyroxene ± carbonate ± grandite garnet + magnetite. Ilvaite patches are often cut by secondary fibrous serpentine veins, indicating that ilvaite formed during an early stage of the serpentinization process. Sulfide patches (pyrrhotite, chalcopyrite, pyrite) are locally associated with ilvaite (Fig. 6 ). Ilvaite is a common phase in Ca-Fe-Si skarns, stable at relatively high/H 2 0, low/CO 2 , low/O 2 , Holes 920B and 920D and moderate to low temperatures (Burt, 1971) . llvaite is also described as an alteration product of olivine in the Skaergaard intrusion, as a result of the metasomatic introduction of CaO and fluids in the system (Naslund et al., 1983) . In the Ca-Fe-Si-OH system, ilvaite is stable up to 470 ± 25°C for P(H 2 O) = 0.2 GPa, and/O 2 between the NNO and FMQ buffers (Gustafson, 1974) . At higher oxygen fugacity, ilvaite alters to quartz + magnetite + andradite + H 2 O, or to hedenbergite + magnetite + H 2 O.
In samples from Hole 920D, serpentine veins cutting ilvaite patches suggest that ilvaite formed during the early phases of serpentinization of the ultramafic rocks, in the presence of Ca-enriched hydrous fluids with low/O 2 and/CO 2 . Hole 920D ilvaite differs from most common occurrences because of the presence of high Mg and Al in the system. In similar paragenetic assemblages, ilvaite occurs in metarodingites reequilibrated at temperatures between 450° and 500°C and high pressure (Lucchetti, 1989) .
In late hydrothermal veins, concentrations of magnetite, serpentine, and talc are locally associated with patchy lamellar aggregates of phyllosilicates (tobermorite-group minerals and saponites not yet analyzed).
Following serpentinization, chalcopyrite and pyrrhotite precipitation precedes pyrite in veins and fractures filled by saponite-type phyllosilicates and minor oxides. The timing of sulfide deposition is likely related to the increasing water/rock interaction, and is consistent with decreasing temperatures (Kissin and Scott, 1982) .
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